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(54) Apparatus and method for reducing thermal Interference In MR heads In disk drives 



(57) To reduce thermal interference in the read sig- 
nal of a disk drive, a variable or programmable resist- 
ance is used to change the transfer function of a filter 
(1 12) in the read channel of the disk drive to filter the 
read signal. The filter has a first cut-off frequency 
related to the programmed resistance during normal 
operation of the disk drive. When thermal interference is 
detected in the read signal, the resistance is pro- 
grammed to another value resulting in the filter having a 
second cut-off frequency The resistance element is var- 
iable or programmable to different values resulting in 
one of a multitude of cut-off frequencies for the filter. 
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Description 

[0001] The present invention relates to disk drives 
and, in particular, to an apparatus and method for 
reducing thermal interference (thernnal asperity) in mag- 
neto-resistive heads in disk drives. 
[0002] Magneto-resistive and giant (G) magneto- 
resistive (collectively, MR) heads used in hard disk drive 
applications utilize a resistive sensing element to read 
magnetidy stored data from a storage disk. The MR 
heads are thermally sensitive and the resistance of a 
MR head changes with temperature. The resistance of 
a typical MR head is given by the equation 
R = Ro(1 + p(T-298)) , where Rq equals about 50 
ohms, p is the thermal coefficient of the head, and T is 
temperature in Kelvin. Accordingly, any variations in 
temperature increase/decrease the resistance of the 
MR head and affect the readback signal generated by 
the MR head as it reads data from the disk. 
[0003] During operation of a disk drive, thermal 
interference occurs, A thermal interference event is also 
referred to as a thermal asperity. For additional descrip- 
tion and discussion of thermal interference or thermal 
asperities, reference is made to a published article enti- 
tled "Electronic Abatement of Thermal Interference in 
(G)MR Head Output Signals". IEEE Trans actions on 
Magnetics. Vol. 33, No.5, September 1997 by Klaassen. 
et al.. and is incorporated herein by reference. One 
solution proposed therein is to increase the low-fre- 
quency cutoff of a high pass filter, by switching in a 
resistor to lower the effective resistance of the RC high- 
pass filter - thereby increasing the cutoff frequency, 
when a thermal asperity is detected (the high pass filter 
is typically used to filter out low frequency signals in the 
read signal from the MR head). A significant problem 
with this solution is caused by the switching out of the 
resistor after the thermal asperity event has subsided to 
a certain level. This creates ringing and an unwanted 
offset in the read signal which may cause the loss of 
data. In addition, there is no control over the value of the 
resistor (or accuracy of the resistance value) that is 
switched into the circuit to lower the effective resistance 
of the high pass filter, 

[0004] Accordingly, there exists a need for a ther- 
mal asperity recovery circuit and method that eliminates 
or reduces ringing and any unwanted offset in the read 
signal of a disk drive. In addition, there is a need for an 
apparatus and method that uses a programmable or 
variable cutoff frequency in a high pass filter used in 
thermal asperity recovery 

[0005] According to the present invention, there is 
provided a thermal event recovery circuit for filtering a 
read signal from a read head in a disk drive. The circuit 
includes a detection circuit for detecting a thermal event 
that affects the read signal and a filter. The filter 
includes a variable resistance circuit having a resist- 
ance that varies in response to a control input. The 
resistance is equal to a first predetermined resistance in 



response to a first control input and equal to a second 
predetermined resistance in response to a second con- 
trol input, and the second control input is generated in 
response to the detection of the thermal event. 'In 

5 another embodiment, there is provided a disk drive hav- 
ing a storage medium, a read head for detecting data on 
the storage medium and generating a read signal, and 
the thermal event recovery circuit described above. 
[0006] In another embodiment of the present inven- 

10 tion, there is provided a thermal event recovery circuit 
for filtering a read signal from a read head in a disk 
drive. The circuit Includes a detection circuit for detect- 
ing a thermal event that affects the read signal and a fil- 
ter. The filter has a first predetermined transfer function 

IS in response to a first input and a second predetermined 
transfer function in response to a second input, and the 
second input is generated in response to the detection 
of the thermal event. 

[0007] In yet another embodiment of the present 
20 invention, there is provided a circuit for detecting ther- 
mal interference and filtering a read signal from a read 
head in a disk drive. The circuit includes a detection cir- 
cuit for detecting thermal interference affecting the read 
signal, a current source for outputting a first current or 

25 second current, and a filter. The filter includes a fixed 
resistive element for generating a first resistance and a 
variable resistance circuit for generating a second 
resistance. The second resistance varies in response to 
the output of the current source, and the second resist- 

30 ance is equal to a first predetermined resistance in 
response to the first current and is equal to a second 
predetermined resistance in response to the second 
current. The second current is generated in response to 
the detection of the thermal interference. 

35 [0008] In accordance with the present invention, 
there is also provided a method of reducing the affects 
of a thermal asperity on a read signal in a disk drive. A 
read signal is filtered with a filter having a first transfer 
function. When a thermal interference is detected in the 

40 read signal, the first transfer function of the filter is 
changed to a second transfer function. The read signal 
is filtered with the filter having the second transfer func- 
tion. After a predetermined time period has elapsed 
after the detection of the thermal interference, the sec- 

45 ond transfer function of the filter is transitioned to the 
first transfer function. 

[0009] The foregoing has outlined rather broadly 
the features and technical advantages of the present 
invention in order that the detailed description of the 

so invention that follows may be better understood. Addi- 
tional features and advantages of the invention will be 
described hereinafter which form the subject of the 
claims of the invention. It should be appreciated by 
those skilled in the art that the conception and specific 

55 ennbodiment disclosed may be readily utilized as a basis 
for modifying or designing other structures for carrying 
out the same purposes of the present invention. It 
should also be realized by those skilled in the art that 



EP1 003 155 A1 



such equivalent constructions do not depart from the 
spirit and scope of the invention as set forth in the 
appended claims. 

[00101 For a more complete understanding of the 
present invention, and the advantages thereof, refer- 
ence is made to the following description taken in con- 
junction with the accompanying drawings, wherein: 

FIGURE 1 is a block diagram of a computer system 
and a disk drive utilizing the present invention; 

FIGURES 2A-2B are graphs illustrating an output 
signal from an MR head and the resistance value of 
the MR head before, during, and after a thermal 
asperity (heating event) occurs; 

FIGURE 3 is a block diagram of the read/write head 
and the pre-anrplifier circuit shown in FIGURE 1 
including a filter (and additional elements) of the 
present invention; 

FIGURE 4 illustrates a read signal with a thermal 
asperity and corresponding TA fault signal and cut- 
off frequency change for the filter; 

FIGURE 5 is a more detailed diagram of the filter of 
the present invention; 

FIGURE 6 is a graphical representation of the 
desired effective resistance Rejf of the filter of the 
present invention; 

FIGURE 7 is a detailed schematic diagram of the 
programmable resistive element or circuit shown in 
FIGURE 5; and 

FIGURE 8 is a schematic and block diagram illus- 
trating the control circuit shown In FIGURE 3 in 
accordance with the present invention. 

[00111 With reference to the drawings, like refer- 
ence characters designate like or similar elements 
throughout the drawings. 

[001 2] Now referring to FIGURE 1 . there is shown a 
block diagram of a disk drive system 10 including a disk 
drive 1 1 in accordance with the present invention. The 
disk drive 11 includes a storage medium in the form of 
one or more disks 12. each of which may contain data 
on both sides of the disk 12. Data is stored on the disks 
12 and/or read from the disks 12 by one or more 
read/write heads 14. The read/write head 14 is an MR 
head. The read/write head 14 Is connected to an arm 
16, with both positionally controlled by a Voice-Coil 
Motor ("VCMT 18 and a position system 20. The posi- 
tion system 20. through the VCM 18. positionally main- 
tains/moves the head 14 radially over the desired data 
on the disks 12. As a signal (or signals) is input to the 
VCM 18, the VCM 18 moves the arm 16. thereby mov- 



ing the read/write head 14), 

[0013] A read channel 22. including a pre-amplifier 
circuit 23. detects data in analog signal form from the 
head 14 (the head 14 detects generates a read signal 
5 from the information stored on the disk 1 2) and converts 
the data into digital form. A controller 24 recognizes and 
organizes the digital data from the read channel 22 Into 
bytes of data. An interface adapter 26 provides an inter- 
face between the controller 24 to a system bus 28 spe- 
10 cific to the system used. Typical system buses Include 
ISA, PCI, S-Bus. Nu-Bus. etc. The host system will also 
typically have other devices, such as a random access 
memory ("RAM") 30 and a central processing unit 
("CPUl 32 attached to the bus 28. A spindle motor 
15 ("SPMT 34 and a SPM control circuit 36 rotates the disk 
12 and maintains the disk 12 at the proper speed. 
[001 4] Thermal events occurring during the reading 
of data from the disk 1 2 cause large perturbations in the 
read signal resulting in the loss of data. When the per- 
20 turbatlons are relatively short in duration, utilization of 
en-or correction coding (ECC) techniques allow for the 
recovery of the lost data. However, when these events 
last for a significant period of time. ECO cannot recover 
the lost data. Sometimes, a re-read of the data sector 
25 can recover the data resulting in an increase in the read 
time. Other times, the thermal event occurs due to the 
disk surface at that location, which cannot be corrected 
by a re-read. 

[001 5] Now referring to FIGURES 2A and 28. there 
30 are shown two graphs illustrating the output signal from 
an MR head and the resistance value of the MR head 
before, during, and after a thermal asperity (heating 
event) occurs. As shown, the MR head is operating 
under normal conditions until a time T1 when a thermal 
35 asperity (heating event) occurs. At the time T1, the 
resistance of the MR read head increases, as shown. 
The read signal increases similarly, as shown. As the 
thermal asperity slowly decays and the temperature of 
the MR head returns to normal (or ambient), the resist- 
40 ance and the read signal change also, as shown in FIG- . 
URES 2A and 2B. A time period t shown in FIGURE 2A 
illustrates the decay time period for the thermal asperity, 
after which the data of the read signal is once again 
accurately read by the read channel, 
45 [001 61 The time for decay of the read signal back to 
normal after a thermal asperity occurs depends on sev- 
eral factors, including the size or magnitude of the event 
causing the thermal asperity the magnitude of the tem- 
perature increase, the ambient temperature, cooling 
50 effects of the sun-ounding environment, etc. As will be 
appreciated, thermal events occurring in disk drives 
may be of any length and/or magnitude. Further, the 
thermal event may also be a cooling event where the 
resistance of the MR head deaeases. 
55 [0017] It is not common for the decay of the read 
signal back to normal to take up to about one microsec- 
ond (and even larger, up to 2-3 microseconds). During 
this time period, data on the read signal may be lost. At 
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typical data bit rates for current hard drives of about 200 
Mbit/sec, about 200 bits or about 25 bytes of data 
(burst) may be lost due to a thermal asperity. Under typ- 
ical industry standards, en-or con-ection may allow for 
recovery of a lost data burst of up to about 5 bytes in 
length, depending on the ECC techniques used. Ther- 
mal asperities are a major problem at present and 
Increases In data read rates further exacerbates the 
problem. 

[001 8] Now referring to FIGURE 3. there is shown a 
block diagram the readAwrite head 14 and the pre-ampll- 
fier circuit 23 In accordance with the present invention. 
The read signal from the head 14 is input to an amplifier 
100 of the pre-amplifier circuit 23. A thermal asperity 
recovery circuit 102 receives the read signal and out- 
puts the read signal to a differential amplifier 104. The 
thermal asperity recovery circuit 102 includes a filter 
112 and a control circuit 1 10 for controlling the transfer 
characteristics (or transfer function) of the filter 112. The 
output of the differential amplifier 104 is input to the read 
channel circuitry (not shown) and input to a thermal 
asperity detector 106 having a differential comparator 
108. When a thermal asperity is detected, a signal is 
generated by the detector 106 and output to the control 
circuit 1 1 0 for controlling the filter 114. 
[00191 In general operation, the thermal asperity 
detector 106 monitors the read signal coming from the 
head 14. When there is a variation of the read signal 
voltage above (or below, when a cooling event occurs) a 
predetermined threshold, the differential comparator 
108 is triggered indicating a thermal asperity is detected 
(sometimes called a TA fault). As will be appreciated, 
the read signal may be a single-ended signal, and the 
Invention described herein can be modified by those 
skilled in the art to operate with a single-ended signal, 
however, differential signals are preferred. The output of 
the comparator 108 is not latched, allowing a TA length 
monitoring circuit (not shown) to monitor the length of 
the thermal asperity. The predetermined threshold volt- 
age of the comparator 108 is preferably generated by a 
6-bit digital-to-analog convener (DAC)(not shown) and 
data registers 122, including a 6-bit data register for 
generating the 6-bit input to the DAC. In the preferred 
embodiment, the 6-bit DAC provides an output voltage 
generally in the range of 0 to 0.8 volts. The data regis- 
ters 122 are programmed through an interface 120 
(serial or parallel). 

[0020] The programmability of the comparator 
threshold provides flexibility in selecting a threshold 
below (or above) which a thermal asperity having a 
given magnitude will not generally cause data loss (i.e.. 
those that do not pose a problem and can be corrected 
by ECC, thus no detection is necessary). Additional 
data register bits may be used to enable/disable the 
detector 106 and for TA fault reporting. 
[0021] The comparator 106 includes a hysteresis 
function, as illustrated in FIGURE 4. As shown at T1, a 
thermal asperity (heating event shown) occurs and the 



read signal increases In amplitude and slowly returns to 
normal as the temperature of the MR head returns to 
normal (or ambient), as shown in FIGURE 4. When the 
amplitude of the read signal rises above the TA thresh- 

5 old (the threshold of the comparator 108), a TA fault is 
detected and the control circuit 110 activates the ther- 
mal asperity recovery circuit 102 and the cutoff fre- 
quency (or transfer function) of the filter 114 therein 
(shown in FIGURE 3) is increased from an initial cutoff 

10 frequency to a predetermined higher cutoff frequency, 
illustrated conceptually in FIGURE 4. 
[0022] As the thermal asperity slowly subsides, at a 
time T2. the amplitude of the read signal falls below a 
hysteresis threshold of the comparator 106. At this time. 

IS the TA fault is no longer detected and the thermal asper- 
ity recovery circuit 102 is deactivated Deactivation 
results in the cutoff frequency of the filter transitioning to 
its initial cutoff frequency, identified at point T3. This 
transition (from T2 to T3) may take any form, however. 

20 including any one of the three following forms: (1) 
almost instantly (depending only on the physical limita- 
tions of the circuits utilized). (2) lineariy (first order, i.e.. 
substantially constant slope) over a period of time, or (3) 
nonlinearly (i.e., second order or higher, substantially 

25 non-constant slope, similar to the charging/discharging 
curve of a capacitor) over a period of time, 
[0023] If the transition from the higher cutoff fre- 
quency to the initial cutoff frequency occurs abruptly, 
similar to the abrupt transition from the initial cutoff fre- 

30 quency to the higher cutoff frequency, an offset is gen- 
erated in the read signal which is generally unwanted 
and may cause read channel data detection problems. 
However, in a preferable embodiment of the present 
invention, the transition (linearly or nonlinearly) from the 

35 higher cutoff frequency to the initial cutoff frequency 
occurs relatively slowly (over a period of time), unlike 
the abrupt transition from the initial cutoff frequency to 
the higher cutoff frequency This reduces or eliminates 
the offset problem. Most preferred, the transition is non- 
40 linear. The time period for this transition can range any- 
where from about 50 nanoseconds to about 1 
microsecond, and even longer, and preferably is 
between about 200 nanoseconds and 700 nanosec- 
onds. The circuitry and metiiod of generating/perform- 

45 ing the transition is described below. 

[0024] Now referring to FIGURE 5. there is illus- 
trated in more detail the filter 1 12 of the thermal asperity 
recovery circuit 102. The filter 112 includes a capacitor 
CI, a capacitor C2, and a programmable resistive ele- 

50 ment 130 including a resistor R1, a resistor R2 and a 
variable resistance circuit 132. The capacitors CI and 
C2 and tiie resistive element 130 provide an RC-type 
high pass filter for the differential read signal output from 
the amplifier 100. As will be appreciated, a single-ended 
55 read signal could be optionally used, and the RC-type 
filter would be a single-ended filter. However, differential 
signals are preferred. It will be understood that filters 
other than an RC-type filter may be used for the filter 
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112 (including second order and higher function filters), 
as long as the cut-off frequency varies with a change in 
resistance, but the preferred filter 112 is an RC-type 
high pass filter. 

[0025] The resistors R1 and R2 are substantially 
fixed resistance resistors, and may include other 
devices that provide a resistance, such as transistors. In 
the preferred embodiment, the resistors R1 and R2 
have a value of 200 Kohms and are provided by MOS- 
FETs (not shown). A bias circuit 134 provides a voltage 
reference or voltage bias to the filter 1 12 (thereby bias- 
ing the MOSFETs used for the resistors R1 and R2), as 
shown in FIGURE 5. 

[0026] The variable resistance circuit 132 is cou- 
pled in parallel with the resistors R1 and R2 and pro- 
vides a variable resistance. The variable resistance is 
programmable based on inputs from the control circuit 
110. Characteristics of the RC filter are better under- 
stood with reference to a basic RC filter, therefore, the 
description shall utilize the capacitor CI , the resistor R1 
and the programmable resistance obtained from the 
variable resistance circuit 132. 
[0027] The resistor R1 and the programmed resist- 
ance of the variable resistance circuit 132 provides an 
effective resistance Roff, The value of the capacitor CI 
and the effective resistance Reft determines the cut-off 
frequency of the high pass RC filter. In the present 
invention, resistor R1 and the capacitor CI are substan- 
tially fixed, therefore, as the resistance of the variable 
resistance circuit 132 varies, so does the cut-off fre- 
quency of the filter 112. 

[0028] Now referring to FIGURE 6. there is shown a 
graphical representation of the desired effective resist- 
ance Rett of the filter 112 of the thermal asperity recov- 
ery circuit 102. During normal operation of the read 
channel (i.e., no detected thermal interference), the 
effective resistance Rgfi is relatively constant at Refr as 
shown. In the preferred emkxxiiment. during this period 
of time, the resistance of the variable resistance circuit 
132 is a relatively high impedance (coupled in parallel 
with the resistor R1). resulting In the effective resistance 
Rett of the filter 1 1 2 substantially equaling the resistance 
of the resistor R1 (Reff)* 

[0029] When a thermal asperity is detected at the 
time T1. the effective resistance Ref, of the filter 112 is 
lowered, thus raising the cut-off frequency of the filter 
112. The effective resistance H^n »s lowered by pro- 
gramming the variable resistance circuit 132 to a prede- 
termined resistance in response to an input signal from 
the control circuit 110. For example, if the variable 
resistance circuit 132 is programmed to a value of 200 
Kohms, the effective resistance Roff will be 100 Kohms 
(R1 in parallel with variable resistance = 200K In parallel 
with 200K= 100K). 

[0030] In the preferred embodiment, the variable 
resistance circuit 132 has four programmable resist- 
ance settings, with each setting resulting in one of four 
(Refp RA. RB. RC) different effective resistances Roff 



for the filter 112. and thus a different cut-off frequency. 
However, any number of programmed resistances may 
be used. As will be appreciated, the programmed resist- 
ances of the variable resistance circuit 132 are selected 
5 to achieve the cut-off frequency(s) desired for the filter 
112. The programmable thermal asperity recovery cir- 
cuit 132 of the present invention provides flexibility 
thereby allowing utilization in read channels having 
potentially different or varying characteristics (e.g., dit- 
to ferent data rates, different causes for the thermal inter- 
ference, etc.). 

[0031] At the time T2, and as described earlier, the 
TA fault is no longer detected and the thermal asperity 
recovery circuit 102 is deactivated. Upon deactivation. 

IS the cutoff frequency of the filter transitions to its initial 
cutoff frequency, identified at point T3, In the preferred 
embodiment, the deactivation is accomplished by 
switching in the high impedance (or open circuit) in par- 
allel with the resistor R1. that is present in normal oper- 

20 ation (no thermal asperity detected). 

[0032] Now referring to FIGURE 7. there is illus- 
trated a detailed schematic diagram of the programma- 
ble resistive element or circuit 130 including the 
previously described resistors R1 and R2 and the varia- 

25 ble resistance circuit 1 32. The resistance of the resistive 
element 1 30 is programmable in response to the magni- 
tude of an input signal from the control circuit 1 1 0. In the 
preferred embodiment, a current Is controls the resist- 
ance of the variable resistance circuit 132. which in turn 

30 varies the resistance of the resistive element 130 of the 
filter 112. 

[0033] The variable resistance circuit 132 includes 
a combination of transistors 200. 202, 204. 206. 208. 
210 and resistors (six 2Kohm resistors) interconnected, 

3S as shown in FIGURE 7, in a configuration resulting in a 
resistive element coupled In parallel with the fixed resis- 
tors R1 and R2, The resistance of the variable resist- 
ance circuit 132 depends on the magnitude of the 
current flowing through the transistors 200, 202, 204, 

40 206. 208. 210. The transistors 200, 202, 204, 206. 208. 
210 each act as a resistive element when current flows 
through them, with the resistance value depending on 
the magnitude of the current flow therethrough and 
device characteristics. When the current 1$ Is essentially 

45 zero, the resistance of the transistors is high (high 
impedance) resulting in a resistance of the filter 112 
substantially equal to the value of fixed resistors R1 and 
R2. In the preferred embodiment, the transistors 200, 
202. 204. 206, 208, 210 are bipolar transistors. It will be 

50 understood by those skilled in the art that the character- 
istics of the transistors should be selected based on 
several factors, including the desired resistance(s) of 
the variable resistance circuit 132 (and ultimately the 
resistance R for the high pass filter 112) and the magni- 

55 tude of the current Is that is utilized. 

[0034] Now referring to FIGURE 8. there is illus- 
trated one embodiment of the control circuit 1 10 for pro- 
gramming/setting the resistance of the variable 
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resistance circuit 132 (and ultimately programming/set- 
ting the cut-off frequencyAransfer function of the filter 
112). The control circuit 110 includes a fast current 
source (A) 220 and a second current source (B) 222. 
The current sources 220 and 222 provide sources of 
current (or reference current), and output a substantially 
fixed first current 1^ and a substantially fixed second cur- 
rent Ib. respectively. These currents are summed 
together to provide the current Is Input to the resistive 
element 130 (see FIGURE 7), Accordingly, the current 
source A 220 and the current source B 222 provide a 
programmable current source outputting the program- 
mable current Is- In the preferred embodiment the cur- 
rent Is equals zero, Ib- o»* 'a + 'b- As will be 
appreciated, additional current sources, such as C, D. 
E, etc. could be used to increase the programmability. 
[0035] Operation of the control circuit 110 is ena- 
bled/disabled by operation of the transistors 240. 242, 
244 and an enable/disable signal. The enable/disable 
signal may be generated by additional control circuitry 
(not shown), as desired. 

[0036] The general on/off operation of the current 
source A 220 is controlled by transistors 224, 230, 234, 
and a signal TA1 output from the data registers 122, as 
shown. When the signal TA1 equals a logic one, the cur- 
rent source A 220 is turned off and no current is output. 
When the signal TA1 equals a logic zero, the current 
source A 220 is turned on and outputs current Ia- Simi- 
larly, the general on/off operation of the current source B 
222 is controlled by transistors 226. 232. 236. and a sig- 
nal TAO output from the data registers 122, as shown. 
When the signal TAO equals a logic one. the current 
source B 222 is turned off and no current is output. 
When the signal TAO equals a logic zero, the current 
source B 222 is turned on and outputs current Is- Two 
transistors 246, 248 provide an enable/disable function 
based upon the detection of a thermal asperity output 
from the comparator 108. As will be appreciated, this 
function may be integrated with the output of the TA reg- 
isters producing the signals TAO and TA1. 
[0037] In the preferred embodiment, the current Is = 
0, when no thermal asperity is detected by the compa- 
rator 108, or when TA1 = logic zero and TAO = logic 
zero. The current Is = Is. when TA1 = logic zero and TAO 
= logic one. The current Is = Ia- when TA1 = logic one 
and TAO = logic zero. The current Is = Ib + U. when TA1 
= logic one and TAO = logic one. Also, in the preferred 
embodiment, the current source A 220 outputs 20 
microannperes and the current source B 222 outputs 1 0 
microamperes. Therefore, the current Is is programma- 
ble to four levels: zero. 10, 20 or 30 microannps. 
[0038] Because the resistive value of the transistors 
200, 202, 204, 206, 208, 210 varies with the amount of 
current flowing therethrough, the resistance of the vari- 
able resistance circuit 132. and hence the cut-off fre- 
quency (transfer function) of the high pass filter 112, 
varies and is programmable in response to the program- 
mable current source (current sources 220. 222). 



Accordingly, for different values of current \q, the cut-off 
frequency (transfer function) of the filter 11 2 is different. 
[0039] In the preferred embodiment, and under cur- 
rent industry specifications, the initial cutoff frequency 

i (under normal operating conditions when no thermal 
asperity Is detected) is around 500 KHz, and the cutoff 
frequency is programmable In the range between 500 
KHz and 20 MHz. As data rates go higher, the program- 
mable cut-off frequencies may also need to go higher. It 

fo will be understood that the factors influencing the 
desired cut-off frequency (based on the value of resist- 
ance) of the filter 1 12 include the programmable values 
of the current Is. the number, type and configuration of 
elements making up the variable resistance circuit 132. 

15 as well as the resistance characteristics off transistors 
200, 202. 204, 208. 208, 210. 

[0040] The resistance for a typical bipolar tran- 
sistor is given by the equation = (Vj / Ie) where Vt is 
typically 25 mV, and this resistance is relatively finear. 

20 For example, currents of 1, 10, 100, and 1000 micro- 
amps generate resistance values of about 25 Kohms, 
2.5 Kohms, 250 ohms, and 25 ohms, respectively 
Accordingly, a person of ordinary skill in the art can 
obtain desired resistance values for the variable resist- 

25 ance circuit 1 32 and achieve the filter cut-off frequency 
as desired. 

[0041] Now referring back to FIGURES 4 and 6. the 
realization of the transition of the cut-off frequency (FIG- 
URE 4) and the resistance of the filter (FIGURE 6) 

30 between time T2 and T3 will now be explained. Refer- 
ring to FIGURE 8, the general on/off operation of the 
current sources 220, 222 was explained above. Addi- 
tional circuitry is added to achieve the slower transition, 
as described earlier herein, from the programmed cut- 

35 off frequency (transfer function) to the initial cut-off fre- 
quency (or from the programmed resistance to the initial 
resistance). The additional circuitry is in the form of a 
capacitor 236 coupled to ground and to the S/D of the 
transistor 232 and a capacitor coupled to ground and 

40 coupled to the S/D of the Uansistor 234, The capacitors 
238, 236 are utilized to slowly turn off the p-channel 
transistors 224, 226 coupling power to the current 
sources 220, 222, respectively. 

[0042] Assuming a thermal asperity is detected and 
45 the current sources 220, 222 are turned on, when the 
thermal asperity is no longer detected, the signals at the 
gates of the transistors 232. 234 are logic zero (or float- 
ing), thereby turning off the transistors 232. 234. The 
transistors 228, 230 then provide a current to charge the 
50 capacitors 236. 238, respectively, to a logic one, thus 
slowly turning off the current sources 220. 222. Without 
the capacitors 236. 238, the signal at the gates of the 
transistors 224, 226 would rise abruptly to a logic one, 
thereby quickly shutting off the current sources 220. 
55 222. Different values for the capacitors 236, 238 (as well 
as additional circuitry, for example, resistors, like resis- 
tors) may be used to shape the transition (change in 
resistance of the filter 112 and change in cut-off fre- 
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quency (transfer function)) between the time T2 and T3. 
as desired. In the preferred embodiment, the capacitors 
236. 238 have a value of about two picofarads. The tran- 
sition as described helps eliminate or reduce unwanted 
offset and ringing problems, 

[0043] The general operation of the present inven- 
tion will now be described. Under normal operating con- 
ditions, i.e.. when no thermal asperity is detected (a 
thermal asperity may be present but undetected or not 
relevant because of its magnitude/size), the filter 114 
provides a high pass filtering function operating at a first 
cut-off frequency (transfer function) for the readback 
signal from the read head 14. The first cut-off frequency 
is determined by setting or programming the resistive 
element in the filter 11 4 to have a predetermined resist- 
ance value. The amount of resistance is set or pro- 
grammed in response to a first input to a programmable 
current source. The first input initiates a first predeter- 
mined amount of current from the programmable cur- 
rent source and the resistance is dependent on the 
magnitude of the cunent flowing. 
[00441 Upon detection of a relevant thermal asper- 
ity upon exceeding a predetermined threshold, a sec- 
ond input causes the programmable current source to 
output a different, predetermined amount of current. 
This changes the value of the resistance in the filter 114 
and results in a different, second cut-off frequency 
(transfer function) for the filter 114. The filter 114 has 
been programmed to have a different transfer function 
which is utilized to eliminate or reduce the effects of the 
thermal asperity by filtering the readback signal. In 
response to thermal interference detection, the filter 1 14 
provides a high pass filtering function operating at a 
second first cut-off frequency (transfer function) for the 
readback signal from the read head 14. In the preferred 
embodiment, the second cut-off frequency is higher 
than the first cut-off frequency of the filter 1 14. 
[0045] Different amounts of current are programma- 
ble based on different inputs to the programmable cur- 
rent source. Therefore, the cut-off frequency of the filter 
1 14 can be set or programmed to have one of a multi- 
tude of possible cut-off frequencies. 
[0046] When the magnitude of the relevant thermal 
asperity decreases and the read signal transitions back 
across the predetermined threshold (TA fault no longer 
detected), the current source is programmed to the first 
amount of current thereby programming the cut-off fre- 
quency (transfer function) of the filter 114 back to first 
cut-off frequency. The filter 114 then again provides a 
high pass filtering function operating at the first cut-off 
frequency (transfer function) for the readback signal 
from the read head 14, 

[0047] Another feature of the present invention 
operates to slowly (relatively slowly) transition the cut- 
off frequency (transfer function) of the filter 1 1 4 from the 
second cut-off frequency back to the first cut-off fre- 
quency (by slowly transitioning the resistance of the var- 
iable resistance circuit 132). see FIGURES 4 and 6. 



Circuitry is utilized to create a relatively slow and pre- 
dictable control signal (voltage) to the programmable 
current source to slowly change the amount of current 
output therefrom. In the preferred embodiment, a 
5 capacitor provides this function. 

[004a] Although the present invention and its 
advantages have been described in the foregoing 
detailed description and illustrated in the accompanying 
drawings, it will be understood by those skilled in the art 
10 that the invention is not limited to the embodiment(s) 
disclosed but is capable of numerous rearrangements, 
substitutions and modifications without departing from 
the spirit and scope of the invention as defined by the 
appended claims. 

IS 

Claims 

1. A thermal event recovery circuit for filtering a read 
signal from a read head in a disk drive, the circuit 
so comprising: 



25 



30 



a detection circuit for detecting a thermal event 
affecting the read signal: and 
a filter comprising a variable resistance circuit 
having a resistance that varies in response to a 
control input, the resistance equal to a first pre- 
determined resistance in response to a first 
control input and equal to a second predeter- 
mined resistance in response to a second con- 
trol input, the second control input generated in 
response to the detection of the thermal event. 



35 



40 



2. The circuit in accordance with Claim 1 wherein the 
first and second predetermined resistances are 
controlled using a current. 

3. The circuit in accordance with Claim 1 further com- 
prising transition circuitry for transitioning during a 
transition period the resistance of the variable 
resistance circuit from the first predetermined 
resistance to the second predetermined resistance 
after the thermal event is no longer detected. 

4. A thermal event recovery circuit for filtering a read 
45 signal from a read head in a disk drive, the circuit 

comprising: 

a detection circuit for detecting a thermal event 
affecting the read signal; and 
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a filter having a first predetermined transfer 
function in response to a first input, and having 
a second predetermined transfer function in 
response to a second input, the second input 
generated in response to the detection of the 
thermal event, 

5. The circuit in accordance with Claim 4 wherein the 
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filter has a third predetermined transfer function in 
response to a third input, and the second input or 
the third input is generated in response to the 
detection of the thermal event. 

6. The circuit in accordance with Claim 4 wherein the 
transfer function of the filter slowly transitions dur- 
ing a transition period from the second transfer 
function to the first transfer function after the ther- 
mal event is no longer detected. 

7. A circuit for detecting thermal interference and fil- 
tering a read signal from a read head in a disk drive, 
the circuit comprising: 

a detection circuit for detecting thermal interfer- 
ence affecting the read signal; 

a current source for outputting a first current or 
second current; and 

a filter comprising. 

a fixed resistive element generating a first 
resistance, and 

a variable resistance circuit generating a sec- 
ond resistance that varies in response to the 
output of the current source, the second resist- 
ance equal to a first predetermined resistance 
in response to the first current and equal to a 
second predetermined resistance in response 
to the second current, the second current gen- 
erated in response to the detection of the ther- 
mal interference. 

8. The circuit in accordance with Claim 7 wherein the 
current source outputs a third current and the sec- 
ond resistance equals a third predetermined resist- 
ance In response to the third current, the second 
current or the third current generated in response to 
the detection of the thermal event. 

9. The circuit in accordance with Claim 7 wherein the 
second resistance of the variable resistance circuit 
slowly transitions during a transition period from the 
second predetermined resistance to the first prede- 
termined resistance after the thermal event is no 
longer detected. 

1 0. A disk drive comprising: 

a storage medium. 

a read head for detecting data on the storage 
medium and generating a read signal; 

a detection circuit for detecting a thermal event 



affecting the read signal; and 

a filter comprising a varial>le resistance circuit 
having a resistance that varies in response to a 
control input the resistance equal to a first pre- 
determined resistance in response to a first 
control input and equal to a second predeter- 
mined resistance in response to a second con- 
trol input the second control input generated in 
response to the detection of the thermal event. 

1 1 . The circuit in accordance with Claim 1 0 wherein the 
filter is a high-pass filter and the filter comprises a 
capacitive element and the variable resistance cir- 
cuit comprises a fixed resistance element and a 
variable resistance element coupled in parallel with 
the fixed resistance element. 

12. The circuit in accordance with Claim 1 or Claim 10 
wherein the resistance of the variable resistance 
circuit equals a third predetermined resistance in 
response to a third control input and the second 
control input or the third control input is generated 
in response to the detection of the thermal event. 

1 3. The circuit in accordance with Claim 12 wherein the 
control input is in the form of a current output from 
a current source, and the first control input com- 
prises the current having a first magnitude, the sec- 
ond control input comprises the current having a 
second magnitude, and the third control input com- 
prises the current having a third magnitude. 

14. The circuit in accordance with Claim 1 or Claim 10 
further comprising a current source outputting a 
first current in response to the first control Input and 
outputting a second current in response to the sec- 
ond control input wherein the first predetermined 
resistance is generated in response to the first cur- 

40 rent and the second predetermined resistance is 
generated In response to the second current. 

1 5. The circuit in accordance with Claim 14 wherein the 
resistance of the variable resistance circuit equals a 

45 third predetermined resistance in response to a 
third control input, the current source outputs a third 
current in response to the third control Input and the 
third predetermined resistance Is generated in 
response to the third current, and the second con- 
so trol input or the third control input is generated in 
response to the detection of the thermal event. 

16- The circuit in accordance with Claim 1 or Claim 10 
wherein the resistance of the variable resistance 
55 circuit slowly transitions during a transition period 
from the second predetermined resistance to the 
first predetermined resistance after the thermal 
event Is no longer detected. 
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17. The circuit in accordance with Claim 6 or 9 or 16 
wherein the transition period is greater than about 
50 nanoseconds. 

1 8. The circuit in accordance with Claim 1 6 wherein the s 
transition follows a transition curve and the transi- 
tion period is greater than about 50 nanoseconds. 

1 9. The circuit in accordance with Claim 1 8 wherein the 
transition curve is nonlinear. 

20. A method of reducing the affects of a thermal 
asperity on a read signal in a disk drive, comprising 
the steps of: 

IS 

filtering the read signal with a filter having a first 
transfer function; 

detecting thermal interference in the read sig- 
nal; 20 

changing, in response to the detection of the 
thermal Interference, the first transfer function 
of the filter to a second transfer function; 

2$ 

filtering the signal with the filter having the sec- 
ond transfer function; and 

transitioning, after a predetermined time period 
has elapsed after the detection of the thermal so 
interference, the second transfer function of the 
filter to the first transfer function. 

21. The method in accordance with Claim 20 wherein 

the first transfer function comprises substantially a 3S 
high pass transfer function having a first cut-off fre- 
quency and the second transfer function comprises 
substantially a high pass Uansfer function having a 
second cut-off frequency. 

40 

22. The method in accordance with Claim 20 further 
comprising the step of selecting one of a plurality of 
transfer functions as the second transfer function. 

23. The method in accordance with Claim 20 wherein 45 
the step of transitioning the second transfer function 

of the filter to the first transfer function occurs over 
a transition period greater than about 50 nanosec- 
onds. 

50 
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